Rupture of the Achilles tendon is one of the most frequent tendon injuries in humans. However, there is no standard surgical technique thus far to reproduce complete rupture of this tendon in rats. Surgical procedures were performed in Wistar rats under light microscopy, with posterior longitudinal incision and preservation of the plantaris tendon. The animals were sacrificed on 2 nd and 8 th postoperative week and we used hematoxilin and eosin, picrosirius-red and Weigert's resorcin-fuchsin to observe general tendon healing. The mean operative time was one minute and 24 seconds. Histological studies showed cellular proliferation and fibrillogenesis at two weeks, with decreased amounts of cellularity and elastic fibers at the 8 th week, besides changes in structural organization of collagen fibers. The complete Achilles tenotomy in rats, was improved under light microscopy and sparing the plantaris tendon. This surgical technique was simple and quick, showed signs of normal healing process, could be easily reproducible, and triggered translational researches in this area.
Introduction
Rupture of the Achilles tendon in humans is one of the most frequent tendon injuries found in clinical practice and its incidence has increased in recent years [1] . This increase can be attributed to the rising number of middle-aged and elderly practitioners of sports activities, so-called "weekend athletes" [2] , as well as the increased participation in professional sports [3] .
Several experimental models have been used for the study of Achilles tendon injury, involving different animal species, including dogs, horses, goats, rabbits, monkeys, sheep, rats and mice [4] [5] [6] [7] [8] . Rats and mice share several advantages over other species used as animal models of tendon injuries. These small rodents have maintenance costs that are ten times lower than those for rabbits. They also have short pregnancies, rapid growth and multiple offspring, as well as behavior that tolerate human handling [9] . In terms of equivalence, rats show similar limb anatomy and their genome is 80% to 90% homologous to that of humans [10] [11] .
Experimental models of Achilles tenotomy in rats described in the medical literature vary regarding the extent (partial or complete), the surgical approach
(percutaneous or open) and the route of access (lateral or posterior). Little attention is typically given to the plantaris tendon, which is much more developed in rats [12] and is able to carry a substantial load during weight bearing [13] . The aim of this paper is to describe an improved experimental technique for complete Achilles tenotomy in rats, with plantaris tendon sparing, performed under light microscopy.
Materials and Methods
The authors used 12 male Wistar rats that were three months old and weighed 300 grams, on average. All animals came from the Laboratory of Experimental Surgery of the Faculty of Medical Sciences, State University of Rio de Janeiro. Surgical instruments were autoclaved and available in advance at the beginning of each procedure ( Figure 1 ). "Tips-only" technique was used, with non-sterile gloves [14] . Between each procedure, the tips of the instruments were 
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First
Step Antisepsis of the right hind leg of rats was performed with 70% alcohol, followed by protection with sterile gauze, without shaving. The paw of the animal was stabilized in slight dorsiflexion by an assistant (Figure 2 ).
Second
Step Under 10× magnification, a posterior longitudinal incision, approximately five millimeters in length, was made towards the proximal direction with a No. 11 scalpel blade, starting five millimeters proximal to the posterior calcaneal tuberosity of the right paw of the animal ( Figure 3 ).
Third Step
The plantaris tendon was recognized and retracted medially, which allowed recognition of the space between the Achilles tendon and the plantaris tendon. The
Achilles tendon was individualized ( Figure 4 ).
Fourth
Step A transverse cut in the middle of the Achilles tendon was created seven millimeters from the calcaneal tuberosity, lateral to the plantaris tendon, which was carefully preserved. After tenotomy, retraction of the proximal stump of the tendon was observed during passive foot dorsiflexion ( Figure 5 ).
Fifth Step
The skin incision was sewed with non-absorbable sutures (4 -0 nylon monofilament) and cleaned again with 70% alcohol. Open Journal of Animal Sciences 
Results
The mean operative time was one minute and 24 seconds (1'24''), ranging from one minute and nine seconds (1'09'') to one minute and 44 seconds (1'44''). In all cases, the animals had fully recovered from anesthesia and exhibited a return to normal behavior. All animals showed healing of the wound without skin necrosis. There was also no drainage discharge or bleeding, observed until the 8 th week after tenotomy.
Macroscopically, two weeks after operation, the tendon rupture site showed signs of healing, with a gelatinous connective tissue forming a bridge between the edges of the tendon (Figure 6 ).
At microscopic evaluation of tendon healing process with HE, we observed an increased cellularity two weeks after tendon rupture, while at the 8 th week, we found a relative lowering of the cellular content ( Figure 7 ). We observed a high expression of elastic fibers two weeks after tendon rupture, as showed by Weigert's resorcin-fuchsin technique. There was a relative reduction of the elastic fiber contents at the 8 th week, with the same technique ( Figure 9 ).
Discussion
In the 1930s, several reports [17] attempted to experimentally induce Achilles tendon rupture in rabbits using traction and crushing. Since then, several studies in the literature have attempted to elucidate the process of tendon regeneration through experimental models of injury to the Achilles tendon. However, there is no standard surgical technique thus far to reproduce complete rupture of the Achilles tendon in rats. Several studies have used experimental models of injury to the Achilles tendon in rats, with variation in the type of injury (complete or partial section, draw, perforations, traction or crushing), the surgical approach
(percutaneous or open) and the route of access (lateral or posterior incision) [2] [13] [18] [19] [20] . Ehrlich et al. [21] and Arruda et al. [22] described a technique for complete tenotomy that is easily reproduced in rats, but without description of the plantaris tendon or exact localization of the tendon section.
McGaw [8] described tenotomy in an unusual place, at the muscular insertion of the Achilles tendon, without detailing the surgical procedure itself.
The surgical anatomy of the rat, although similar to that of the human, has some characteristics that are typical of this species and that should be taken into Technique: Weigert's resorcin-fuchsin, preceded by 10% kalemic monopersulfate oxidation. Bar: 30 μm.
account [23] . In our study, we found that identification of the plantaris tendon, located medially but very close to the Achilles tendon, is an important point of anatomical reference, and its identification is facilitated by the posterior access and the use of light microscopy that characterize this technique. Some authors [25] , all using the same surgical technique, with lateral access to the animal's right Achilles tendon and a small longitudinal incision of two to three millimeters, performed a tendon cross-section 1.5 millimeter proximal to the calcaneal insertion. In these papers, there is also reference to the plantaris tendon, which was removed in two of these studies to simplify the biomechanical evaluation performed at the end of the experiment.
Although we verified that the identification and individualization of the rat Achilles tendon are relatively difficult when using the naked eye, we did not find any reference in the literature to the use of accessories for image magnification (loupe or operating microscope). Furthermore, some studies refer to the need for careful preservation of peritendinous structures, especially of the arterial
supply, in open tenotomy of the Achilles tendon. Considering that the blood supply to the Achilles tendon originates from the musculotendinous junction, bone insertion and multiple vessels of mesotendon [26] , we suggest the open approach and use of the surgical microscope to minimize damage to these structures.
The cell density could be elevated by six to sevenfold during tendon healing [27] . Our microscopic findings describe the tendon healing process after a complete rupture, showing a trend to cellular proliferation and fibrilogenesis two weeks after injury. At the 8 th week, we found decreased cellularity with high amount of the extracellular matrix, rich in collagen fibers.
It is known that type I collagen represents 90% of the collagen fibers in normal tendons [28] and ruptured Achilles tendons show increased amounts of type III collagen [29] , as found at the tendon healing in our study. The substitution of this stronger type I collagen fibrils, for those thinner and weaker type III collagen fibrils, seems to begin at the musculotendinous junction, as showed by the picrosirius-red technique, under polarized light, two weeks after tendon rupture.
Maffulli N et al. [30] also described tendon changes in humans localized in the macroscopic intact proximal and distal tendon portion and not only at the site of rupture.
Beyond that, we observed a high number of elastic fibers two weeks after tendon rupture, which may represent the beginning of the healing remodelative phase. This increase in fibers of the elastic system content may represent a secondary hole to collagen fibers function, mainly in the tendon resistance to tension, considering that oxitalanics fibers of the elastic system are rich in fibrilin, found in tissues subjected to high tensile stress [31] [32] [33] .
Achilles tendon ruptures are common and devastating injuries in humans [34] . Despite improved knowledge of Achilles tendon pathology, the optimal treatment and the best rehabilitation protocol after an acute rupture remain a matter of controversy in orthopaedic and sports medicine [35] . In experimental studies on animal tendons, partial or complete surgical tenotomy is the most commonly used method for inducing injury [36] and these models appear useful for investigating the effect of therapies in acute tendon injuries [20] . 
Conclusion
The improved surgical technique described, for complete tenotomy of the Achilles tendon in rats, sparing the plantaris tendon with the aid of light microscopy, is simple and quickly done. It shows signs of normal healing process and could be used as an easily reproducible model of experimental tendon lesion, which could encourage translational researches about this common tendon injury in humans.
